Single nucleotide polymorphisms (SNPs) in energy metabolism related gene may be key agents in the development of human malignancies. In this study, we aimed to examine the association of transcription factor 7-like 2, Leptin (LEP) and LEP receptor (LEPR) polymorphisms with esophageal squamous cell carcinoma (ESCC). A total of 507 ESCC cases and 1,496 controls were enrolled. We found that LEPR rs6588147 AA genotype was associated with ESCC risk (AA vs. GG/GA: adjusted OR=1.90, 95%CI=1.00-3.61, P=0.049). In the stratified analyses, LEPR rs6588147 G>A polymorphism increased the risk of ESCC (<63 
INTRODUCTION
In China, esophageal cancer (EC) is the fourth most commonly diagnosed cancer in males and the fifth in females, with an estimated 477,900 new patients and 375,000 related deaths occurring in 2015 [1] . Esophageal squamous cell carcinoma (ESCC) is the main form of EC in China and Eastern Asia. The contributing risk factors for ESCC are not fully known, but are thought to involve low intake of vegetables and fruits, poor nutritional status, smoking and eating and/or drinking at high temperatures. However, these primarily identified risk factors could not account for all the etiology of ESCC. Nowadays, there are convincing evidences that obesity increases the susceptibility of many malignancies, including EC, postmenopausal breast cancer, endometrial cancer, colorectal cancer, pancreatic cancer and liver cancer [2] . A recent study indicated that preoperative metabolic syndrome might be an effective predictor of ESCC mortality [3] . These accumulating evidences suggested that obesity and diabetes related gene might play vital roles in the development of EC.
The transcription factor 7-like 2 (TCF7L2) gene maps to the long arm of chromosome 10q25. 3 . TCF7L2 belongs to the high mobility group-box (HMGB) family [4] and is a versatile transcription factor. The TCF7L2 protein regulates Wnt/β-catenin signaling pathway [5] , therefore it plays important roles in the development and growth of various cells [6, 7] . Ishiguro et al. reported that TCF7L2 expression was associated with a poor prognosis of ESCC [8] . A previous study suggested that TCF7L2 rs7903146 locus might exert its enhancer function by interacting with HMGB1 [9] . TCF7L2 single-nucleotide polymorphisms (SNPs) are proposed susceptibility factors for the development of cancer. Previous studies indicated that TCF7L2 rs7903146 (C/T) polymorphism might influence the risk of breast cancer [10, 11] . TCF7L2 rs290481 T>C polymorphism located on near the 3' end of this gene. Ling et al. reported that this SNP was associated with hepatocellular carcinoma susceptibility with marginal significance [12] . However, the association between these TCF7L2 SNPs and ESCC risk was not explored.
The Leptin (LEP) gene maps to chromosome 7q31.3. LEP is secreted by white adipose tissue and has been identified to be involved in endocrinologic metabolism [13] . It is thought that LEP may regulate the activation and serum levels of insulin. Thus, LEP may involve in the etiology of obesity [14] , type 2 diabetes (T2DM) [15] and pathophysiology of carcinoma [16, 17] . LEP receptor (LEPR, also known as CD295) is a single transmembrane protein in human and distributes in various tissues [18] . LEP combines to LEPR and exerts its important roles in the development of metabolic disorders and malignancies. Several studies demonstrated that the elevated LEP levels might affect the onset and progression of many malignancies [19] [20] [21] [22] . Thus, LEP and LEPR may be correlated with the development of ESCC.
Results of meta-analyses found that both rs7799039 A>G and rs2167270 G>A polymorphisms in LEP gene might influence the risk of cancer [23] [24] [25] . In addition, a case-control study found that LEP rs2167270 G>A was associated with the risk of esophageal adenocarcinoma [26] . There are several explanations for the function of these two LEP polymorphisms. It is suggested that rs7799039 A>G polymorphism in the upstream region of LEP gene can affect leptin expression, possibly at the transcriptional level, thereby altering adipose secretion levels of the hormone [27] . Additionally, LEP rs2167270 G>A is a 5'-utr SNP and may play regulatory roles in translation and stability of mRNA. LEPR rs1137100 G>A, rs1137101 G>A polymorphisms are missense SNPs and may alter the structure and the function of LEPR protein. Doecke et al. found LEPR rs1137100 G>A, rs1137101 G>A polymorphisms influence the risk of esophageal adenocarcinoma in Caucasians [26] . LEPR rs6588147 G>A polymorphism locates on the intron region of LEPR gene. Slattery et al. found that LEPR rs6588147 G>A polymorphism affected risk of colon cancer among men [28] . However, the association between LEPR rs1137100 G>A, rs1137101 G>A and rs6588147 G>A polymorphisms and ESCC risk remains unknown in Asians.
In this case-control study, we aimed to examine the potential association of TCF7L2, LEP and LEPR polymorphisms with the risk of ESCC in Eastern Chinese Han populations. The TCF7L2 rs7903146 C>T, rs290481 T>C, LEP rs7799039 A>G, rs2167270 G>A and LEPR rs1137100 G>A, rs1137101 G>A and rs6588147 G>A polymorphisms were genotyped by SNPscan genotyping assays in 507 ESCC cases and 1,496 non-cancer controls.
RESULTS

Baseline characteristics
There were 2,003 participants in the present casecontrol study including 507 ESCC patients (377 males and 130 females) and 1,496 non-cancer controls (1,084 males and 412 females). The age and sex were well matched in two groups (P = 0.994, P = 0.406, respectively, Table 1 ). The mean ± SD of weight and body mass index (BMI) was significantly higher in controls compared with ESCC patients (P < 0.05). However, the mean ± SD of height was not significant (P > 0.05). The proportion of smoking and drinking was significantly higher in ESCC patients compared with controls (P < 0.05). Locus information of TCF7L2, LEP and LEPR polymorphisms is listed in Table 2 . The genotyping success rates for TCF7L2 rs7903146C>T, rs290481 T>C, LEP rs7799039 A>G, rs2167270 G>A and LEPR rs1137100 G>A, rs1137101 G>A and rs6588147 G>A SNPs were 99.50%,99.45%, 99.50%, 99.40%, 99.50%, 99.50% and 99.50%, respectively. Minor allele frequency (MAF) in controls is listed in Table 2 , which is very similar to the data of www.impactjournals.com/oncotarget Chinese population. In addition, the distributions of the TCF7L2 rs7903146C>T, rs290481 T>C, LEP rs7799039 A>G, rs2167270 G>A and LEPR rs1137100 G>A, rs1137101 G>A and rs6588147 G>A genotypes in controls conform to Hardy-Weinberg equilibrium (HWE).
Association of TCF7L2 rs7903146C>T, rs290481 T>C, LEP rs7799039 A>G, rs2167270 G>A and LEPR rs1137100 G>A, rs1137101 G>A and rs6588147 G>A polymorphisms with ESCC risk
The genotype distributions of TCF7L2 rs7903146C>T, rs290481 T>C, LEP rs7799039 A>G, rs2167270 G>A and LEPR rs1137100 G>A, rs1137101 G>A and rs6588147 G>A polymorphisms are listed in Table 3 . In the analysis of LEPR rs6588147 G>A polymorphism, we found significant differences in the distribution of the rs6588147 AA genotype compared with the rs6588147 GG genotype and rs6588147 AA genotype compared with the rs6588147 GA/GG genotypes between 507 ESCC cases and 1,496 controls [AA vs. GG: crude odds ratio (OR) = 1.87, 95% confidence interval (CI) = 1.02-3.43, P = 0.042 and AA vs. GG/GA: crude OR = 1.93, 95% CI = 1.06-3.53, P = 0.031 (Table 3) ]. Results of multivariate linear regression analysis indicated that LEPR rs6588147 G>A polymorphism increased the risk of ESCC. When the LEPR rs6588147 GG/GA genotypes were used as the reference group, the LEPR rs6588147 AA genotype was associated with the increased risk of ESCC [AA vs. GG/GA: adjusted OR = 1.90, 95% CI = 1.00-3.61, P = 0.049 (Table 3) ]. However, we found that TCF7L2 rs7903146C>T, rs290481 T>C, LEP rs7799039 A>G, rs2167270 G>A and LEPR rs1137100 G>A, rs1137101 G>A polymorphisms were not associated with the development of overall ESCC (Table 3) .
Association of TCF7L2 rs7903146C>T, rs290481 T>C, LEP rs7799039 A>G, rs2167270 G>A and LEPR rs1137100 G>A, rs1137101 G>A and rs6588147 G>A polymorphisms with ESCC risk in Different Stratification Groups Table 4 shows the genotype frequencies of LEP rs7799039 A>G polymorphism in the subgroup analyses. (Table 4) ].
The genotype frequencies of LEPR rs1137101 G>A polymorphism in the subgroup analyses are showed in Table 5 . In ever smoking subgroup, after adjustment for gender, age, BMI and alcohol use, the LEPR rs1137101 GA genotype was associated with the decreased risk of ESCC [GA vs. GG: adjusted OR = 0.66, 95% CI 0.44-1.00, P = 0.049 (Table 5) ]. In ever drinking subgroup, after adjustment for gender, smoking status, BMI and age, we found that LEPR rs1137101 GA and GA/AA genotypes decreased the risk of ESCC [GA vs. GG: adjusted OR = 0.54, 95% CI 0.31-0.95, P = 0.031 and GA/AA vs. GG: adjusted OR = 0.54, 95% CI 0.31-0.93, P = 0.027 (Table 5 )]. Table 6 shows the genotype frequencies of LEPR rs6588147 G>A polymorphism in the subgroup analyses. In <63 years subgroup, after adjustment for gender, smoking status, BMI and alcohol use, the LEPR rs6588147 AA genotype increased ESCC risk compared with the LEPR rs6588147 GG and GA/GG genotypes [AA vs. GG: adjusted OR = 2.58, 95% CI 1.00-6.62, P = 0.049 and AA vs. GA/GG: adjusted OR = 2.71, 95% CI 1.06-6.91, P = 0.038 (Table 6) ]. In male subgroup, after adjustment for age, smoking status, BMI and alcohol use, the LEPR rs6588147 AA genotype was associated with the increased risk of ESCC [AA vs. GG: adjusted OR = 2.19, 95% CI 1.02-4.67, P = 0.044 and AA vs. GA/GG: adjusted OR = 2.26, 95% CI 1.06-4.80, P = 0.035 (Table 6) ]. However, in ever drinking subgroup, after adjustment for age, gender, smoking status and BMI, the LEPR rs6588147 GA genotype decreased the risk of ESCC [GA vs. GG: adjusted OR = 0.54, 95% CI 0.31-0.92, P = 0.024 (Table 6) ]. In addition, after a logistic regression analysis, we found that TCF7L2 rs7903146C>T, rs290481 T>C, LEP rs2167270 G>A and LEPR rs1137100 G>A polymorphisms were not associated with the risk of ESCC in any subgroup (data not shown).
DISCUSSION
The pathogenesis of ESCC was very complex. Multiple factors (e.g. a number of genetic and environmental factors) may contribute to the etiology of ESCC. Understanding of the individual's heredity background may be helpful for the prevention and treatment of ESCC. In this study, we selected energy metabolism and insulin-sensibility relative gene (TCF7L2, LEP and LEPR) polymorphisms and focused on their susceptibility to ESCC. The association between LEPR rs6588147 G>A polymorphism and the increased risk of overall ESCC was identified. We also found that LEPR rs6588147 G>A polymorphism increased the risk of ESCC in <63 years and male subgroups. LEP rs7799039 A>G was associated with the risk of ESCC in ≥63 years and BMI ≥ 24 kg/m 2 subgroups. In addition, LEPR rs1137101 G>A polymorphism decreased the risk of ESCC in ever smoking and ever drinking subgroups.
There was a difference in the LEPR rs6588147 G>A polymorphism between overall ESCC patients and non-cancer controls. The LEPR rs6588147 AA genotype were higher in ESCC patients compared with controls, indicating that LEPR rs6588147 AA genotype may contribute to esophageal carcinogenesis. The LEPR rs6588147 G>A polymorphism is located on intron of LEPR gene. It may be difficult to interpret the exact function of intronic polymorphism. However, the possible interpretations may be as follows. The intronic polymorphism rs6588147 G>A is located near the regulatory components or splice acceptor site, where any slight variant may lead to the disruption of the splice site and induce aberrant splicing [29] . This SNP probably influences the expression of the LEPR protein by altering mRNA splicing. However, we found that LEPR rs6588147 AA genotype may decrease the risk of ESCC in ever drinking subgroup. These findings seemed to be controversial. The probable reason might be due to the limited sample size in this subgroup, which could generate an unauthentic results.
LEP is mainly secreted by adipose tissue, and has been suggested to promote tumor growth [30] . Some studies indicated that the serum LEP level was significantly higher in breast cancer patients compared with which in controls both pre-menopausal and postmenopausal [31, 32] . A number of studies have found that LEP may play vital roles in cell proliferation, apoptosis, cell migration and angiogenesis [33, 34] . Results of several meta-analyses suggested that LEP rs7799039 G allele might decrease the risk of multiple cancers [24, 25, [35] [36] [37] . However, there was only one study focused on the relationship between LEP rs7799039 A>G polymorphism and cancer risk in Asian populations. Thus, the association of this polymorphism with cancer risk might be unclear in Asians. In this study, we conducted a case-control study focused on the association between LEP rs7799039 A>G polymorphism and ESCC risk with a relatively large sample size. We found LEP rs7799039 A>G was associated with the decreased risk of ESCC in ≥63 years and BMI ≥ 24 kg/m 2 subgroups. These findings were very similar to the results of previous studies. Hoffsted et al. reported that individuals carried the LEP rs7799039 AA genotype had higher serum LEP levels than those who carried the LEP rs7799039AG or GG genotypes [27] . In this study, we found that LEP rs7799039 A>G polymorphism was a protective factor for ESCC, suggesting the presence of the LEP rs7799039 G allele, which is associated with the decreased level of LEP, might decrease the risk of ESCC.
Several case-control study focused on the relationship of LEPR rs1137101 G>A polymorphism and the risk of cancer. Recently, results of two meta-analyses indicated that this SNP was not associated with the risk of overall cancer [37, 38] . In addition, most of these studies conducted on Caucasian population. The evidence of the association between LEPR rs1137101 G>A polymorphism and cancer risk was insufficient in Asians. A previous study suggested that LEPR rs1137101 G>A polymorphism might be associated with variation in binding with LEP and, as such, inter-individual differences in serum LEP levels [39] . Just as we mentioned above, LEP may affect cell proliferation, apoptosis, cell migration and angiogenesis. LEPR rs1137101 G>A polymorphism may alter the susceptibility of cancer by influencing the ability of binding with LEP. Thus, we aimed to examine the potential association of this polymorphism with the risk of ESCC in Eastern Chinese Han subjects. We found that the LEPR rs1137101 G>A polymorphism decreased ESCC risk in ever drinking and ever smoking subgroups. In the future, function of LEPR rs1137101 G>A polymorphism should be further explored to confirm these primary findings in ESCC.
Our study had several limitations. Firstly, ESCC patients and controls were enrolled from two hospitals of Jiangsu University and Fujian Medical University and might therefore not be full-representative of the general Eastern Chinese Han population; the possible bias might lead to spurious findings. Secondly, for the limited ESCC patients recruited in this study, this study might have insufficient power to observe the potential relationships. Thirdly, because we only selected some functional polymorphisms in TCF7L2, LEP and LEPR gene, a finemapping case-control studies should be conducted in the future. Finally, for lack of some important risk factors, the interactive effect between gene-gene and geneenvironment was not further analyzed.
In summary, our findings suggest that LEPR rs6588147 G>A polymorphism is associated with the increased risk of ESCC in Eastern Chinese Han population. However, the results of this case-control study highlight that LEP rs7799039 A>G and LEPR rs1137101 G>A polymorphisms may decrease the risk of ESCC. A fine-mapping study with large sample size and functional exploration is needed to confirm our findings.
MATERIALS AND METHODS
Subjects
A total number of 507 ESCC patients and 1,496 non-cancer controls were enrolled in this study. The ESCC patients were from the Affiliated People's Hospital, Jiangsu University and the Affiliated Union Hospital, Fujian Medical University between August 2013 and December 2016. The diagnosis of ESCC was confirmed based on pathological examination. At the same time, the controls were recruited from physical examination center in these hospitals with sex and age matched. Each subject signed an informed written consent. This study was approved by the Institutional Review Board of Jiangsu University and Fujian Medical University for human subjects (No. SQ20140030, K201408, respectively). When each subject was interviewed, a questionnaire was used to obtain demographic variables and risk factors. And weight and height were also measured. In this study, a BMI ≥ 24 was considered as the criteria for obesity and overweight [40, 41] .
DNA extraction and genotyping
Genomic DNA was carefully isolated from EDTAanticoagulated blood of recipients by using a Promega DNA blood mini kit (Promega, Madison, USA). TCF7L2 rs7903146C>T, rs290481 T>C, LEP rs7799039 A>G, rs2167270 G>A and LEPR rs1137100 G>A, rs1137101 G>A and rs6588147 G>A genotypes were assessed by the SNPscan™ kit (Gnensky Biotechologies Inc., Shanghai, China), which is a double ligation and multiplex fluorescence PCR [42] . For quality control, eighty DNA samples (4%) were randomly selected and genotyped by different colleague. The genotypes of TCF7L2, LEP and LEPR polymorphisms were confirmed.
Statistical analysis
Continuous variables (e.g. age, height, weight and BMI) are expressed as mean ±standard deviation (SD). Comparisons between ESCC patients and controls were carried out with Student's t-test. The categorical variables (e.g. TCF7L2, LEP and LEPR genotypes, sex, age, BMI, smoking and drinking status) were compared with Chisquare test (χ 2 ). Deviations from the HWE for TCF7L2, LEP and LEPR genotypes distribution in controls were evaluated by an internet-based calculator (http://ihg.gsf. de/cgi-bin/hw/hwa1.pl) [43] [44] [45] [46] [47] [48] [49] . The relationships of TCF7L2 rs7903146C>T, rs290481 T>C, LEP rs7799039 A>G, rs2167270 G>A and LEPR rs1137100 G>A, rs1137101 G>A and rs6588147 G>A polymorphisms with ESCC susceptibility were evaluated by crude ORs and 95% CIs. Multivariate linear regression adjusted for age, sex, BMI, alcohol use and smoking status was used to determine the relationships between TCF7L2 rs7903146C>T, rs290481 T>C, LEP rs7799039 A>G, rs2167270 G>A and LEPR rs1137100 G>A, rs1137101 G>A and rs6588147 G>A polymorphisms and ESCC risk with quantitative traits. Data analysis was conducted with SAS software for windows (Version 9.4, SAS Institute, Cary, NC). A P < 0.05 (two-tailed) was accepted as the criterion of statistical significance.
